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Abstract . The ultrasonic velocity, density and viscosity at 303, 308 and 313 K have been measured in the ternary system of 2-butanol m 
cyclohexane with toluene The acoustical parameters such as adiabatic compressibility, free length, free volume and internal pressure at the said 
temperatures are calculated fhe results arc interpreted in terms ot molecular interaction between the component of the mixtures fhe existence of 
weak interactions are confirmed by the observed excess values
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1 .  I n t r o d u c t i o n
V e lo c it y  o f  s o u n d  w a v e s  in  a  m e d iu m  is f u n d a m e n t a l ly  
r e la te d  to  th e  b in d in g  f o r c e s  b e t w e e n  th e  a t o m s  o r  th e  
m o le c u le s .  T h e  v a r ia t io n s  o f  u lt r a s o n ic  v e l o c i t y  a n d  r e la te d  
p a r a m e t e r s ,  th r o w  m u c h  l ig h t  u p o n  th e  s t r u c tu r a l c h a n g e s  
a s s o c ia t e d  w ith  th e  l iq u id  m ix t u r e s  h a v in g  w e a k ly  in t e r a c t in g  
c o m p o n e n t s  [ 1 - 3 ]  a s  w e l l  a s  s t r o n g ly  in t e r a c t in g  c o m p o n e n t s  
[ 4 - 6 ] .  T h o u g h ,  a  n u m b e r  o f  in v e s t ig a t io n s  w e r e  c a r r ie d  o u t 
in l iq u id  m ix t u r e s  h a v in g  a l c o h o l  a s  o n e  o f  th e  c o m p o n e n t s ,  
te rn a ry  s y s t e m  w ith  i s o - a lc o h o l s  a s  o n e  o f  th e  c o m p o n e n t  a r e  
in d is p e n s a b le  f o r  th e  in d u s t r ia l  r e c t i f i c a t io n  c o lu m n  to  a v o id  
th e f o r m a t io n  o f  a z e o t r o p e s .  T h e  p r e s e n t  w o r k  d e a ls  w ith  th e  
m e a s u r e m e n t  o f  u lt r a s o n ic  v e l o c i t y  a n d  c o m p u ta t io n  o f  
r e la te d  p a r a m e t e r s  in  th e  te r n a r y  s y s t e m  o f  c y c lo h e x a n e  t  
to lu e n e  +  2 - b u t a n o l  a t  th r e e  d i f f e r e n t  te m p e r a tu r e s  3 0 3 ,  3 0 8  
an d  3 1 3  K .
2 . E x p e r i m e n t
T h e  m ix t u r e s  o f  v a r io u s  c o n c e n t r a t io n  in  m o le  f r a c t io n  a r e  
p r e p a re d  b y  t a k in g  p u r i f i e d  A R  g r a d e  s a m p le s  a t 3 0 3  K .  In  
a ll th e  m ix t u r e s ,  th e  m o le  f r a c t io n  o f  th e  s e c o n d  c o m p o n e n t , 
to lu e n e , w a s  k e p t  f i x e d ,  w h i le  th e  m o le  f r a c t io n  o f  th e  
re m a in in g  t w o  w e r e  v a r ie d  f r o m  0 . 0  to  0 . 6  s o  a s  to  h a v e  th e  
m ix tu re s  o f  d i f f e r e n t  c o m p o s i t io n .
T h e  u lt r a s o n ic  v e l o c i t y  in  th e  m ix t u r e s  is  m e a s u r e d  u s in g  
a v a r ia b le  p a th  u lt r a s o n ic  in t e r fe r o m e t e r  w o r k in g  a t 2  M H z .
T h e  d e n s i t y  a n d  v i s c o s i t y  a r c  m e a s u r e d  u s in g  p y c k n o m e t e r  
a n d  a n  O s t w a ld ’ s v i s c o m e t e r  r e s p e c t iv e ly .
U s in g  th e  m e a s u r e d  d a ta , th e  a c o u s t i c a l  p a r a m e t e r s ,  
s u c h  a s  a d ia b a t ic  c o m p r e s s ib i l i t y  (/)), f r e e  le n g t h  (L /) , f r e e  
v o lu m e  (K /) a n d  in te rn a ! p r e s s u r e  ( tt,) a n d  th e ir  e x c e s s  
p a r a m e t e r s  h a v e  b e e n  c a lc u la t e d  u s in g  th e  f o l l o w i n g  
e x p r e s s io n s .
L j =  K r P ' ! \
Afj y
1/2 '
a n d
(1)
(2)
( 3 )
( 4 )
( 5 )
(6)A ,j  - x , A , . 
w h e r e  th e  n o t a t io n s  h a v e  th e  u s u a l  m e a n in g .
3. Results and discussion
T h e  e x p e r im e n t a l  v a lu e s  o f  d e n s ity ,  v i s c o s i t y  a n d  v e l o c i t y  at 
3 0 3 ,  3 0 8  a n d  3 1 3  K  fo r  th e p u r e  c o m p o n e n t s  a n d  f o r  th e 
s y s t e m  c y c lo h e x a n e  +  t o le u e n e  +  2 -b u ta n o l a r e  g iv e n  in
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Table 1. Values of density (/?), viscosity (77) and velocity (f/)
Mole fraction P kgm-5 10^  Nsm^ U ms’ ’
X\ X3 Temperature (K) Temperature (K) Temperature (K)
303 308 313 303 308 313 303 308 313
1 000 0 000 767 7 762 7 757 8 0 8003 0718 0 6673 12303 1212 5 1189 1
0 0 0 0 0 000 857,8 854 9 851.7 0 526 0 4985 0471 1287 2 1273.6 1253 5
0 0 0 0 1 000 794 5 792 7 787 9 2 195 1 989 1 804 1185 1161 11502
0 501 0 098 799 48 796 29 789 72 0 5868 0 5308 0 4981 1215 11987 1184 1
0 400 0.200 804.53 797 23 793 14 0 6091 0 5466 0 5066 1206 9 1188 0 1182 24
0 300 0 3 0 0 807 82 801 5 797 59 0 6353 0.5714 0 5297 1199.5 1183 1 11804
0 200 0 400 809 84 806 99 803 37 0 6719 0 6106 0 5696 1205 3 1195.2 1179 06
0 100 0 4W 815 22 812 38 805 59 0 7371 0 6623 0 6073 1210 II996 1192 2
0 000 0.5997 818 64 814 62 808 32 0 7582 0 7044 0 6323 1212 1202.4 1196 4
Table 2. Values of adiabatic compressibility (p), free length (Ly), free volume (1/) and internal pressure (tt/)
Mole fraction /?* 10"’ Pa 1 L 10"> m fyx 1 0  ^ m  ^ mol"’ 10~^ ’ Pa
-tl Temperature (K) Temperature (K) Temperature (K) Temperature (K)
303 308 313 303 308 313 303 308 313 303 308 313
1 000 0 000 8 6057 8 9183 9 3327 0 5853 0 6006 6202 1 662 1 9135 2 0741 400 08 386 33 380 56
0 000 0 000 7 0359 72113 7 4725 0 5293 0 5401 0 5551 3 8238 4 1224 4 3367 307 2 304 93 302 86
0 000 1 000 8 9633 9 3589 9,5936 0 5974 0 6153 0.6288 0 2859 03214 0 3669 801 09 781 95 757 26
0 501 0 098 8 4731 8 7399 9.0312 0 5808 0 5946 0 6101 2 6999 3 0755 3 3218 343 73 333.67 328 67
0,400 0 200 8 5332 8 8876 9 0207 0 5829 0 5996 0.6098 2 4837 2 8529 3 1745 357 69 345 08 337 26
0,300 0 300 8.6037 8 9137 8 9983 0 5853 0.6005 0 609 2 2693 2 606 2 9098 372 56 359 74 351 24
0 200 0 400 8 4998 8 6746 8 9539 0 5817 0 5924 0 6075 2 0643 2 353 2 5588 388 22 376 89 371 34
0 100 0 499 8 3783 8.5539 8 7334 0 5775 0.5882 0 5999 1 7651 2 0565 2 3206 413 45 399 16 387 46
0 000 0 5997 8 3157 8 4907 8 643 0 5753 0 586 0 5968 1 6742 1 8475 2 1561 426 16 417 83 401.22
T a b le  1 .  T h e  r e s p e c t i v e  c a lc u la t e d  v a lu e s  o f  a d ia b a t i c  
c o m p r e s s ib i l i t y  {JJ), f r e e  le n g th  {Lj), f r e e  v o lu m e  (F / )  a n d  
in t e r n a l p r e s s u r e  ( ;r ,)  a t d i f f e r e n t  t e m p e r a t u r e s  a r e  g i v e n  in  
T a b le  2 .  T h e  e x c e s s  v a l u e s  c o r r e s p o n d in g  to  e a c h  o f  th e  s a id  
p a r a m e t e r s ,  a r e  s h o w n  g r a p h i c a l l y  in  F i g u r e s  1 to  4 .
T h e  p e r u s a l  o f  T a b le  1 s h o w s  th a t  th e  u lt r a s o n ic  v e lo c i t y  
in i t i a l ly  d e c r e a s e s  w ith  i n c r e a s in g  c o n c e n t r a t io n  o f  2 -o l, 
a t t a in in g  a  m in im u m  a t  0 .3  m f  o f  2 - o l  a n d  th e n  in c r e a s e s  w ith  
fu r t h e r  i n c r e a s e  in  c o n c ^ t r a t i o n .  T h e  p r e s e n c e  o f  e x tre m u m  
in  th e  v a r ia t io n  o f  u l t r a s o n ic  v e l o c i t y  w i t h  c o n c e n t r a t io n  o f
Figure 1. Mole fraction vs excess adiabatic compressibility 
A 303 K, •  308 K; ■ 313 K
Figure 2. Mole fraction vs excess free length 
a 303 K. •  308 K; ■ 313 K
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2 -o l r e v e a l s  th e  e x i s t e n c e  o f  in t e r m o le c u la r  d i s s o c ia t io n  [ 7 ]. 
S im i la r  b e h a v i o u r  in  u lt r a s o n ic  v e l o c i t y  h a s  b e e n  o b s e r v e d  
b y  P a la n ia p p a n  [ 8 ] in  I - p r o p a n o l  +  c y c lo h e x a n e  -i- b e n z e n e  
s y s te m  a n d  b y  A n b a n a n t h a n  et al [9 ]  a n d  S o s a m m a  et al[\0 ]
Figure 3. Mole fraction vs excess free volume 
A 303 K. •  308 K. ■ 313 K
Figure 4. Mole fraction vj excess internal pressure 
A 303 K. •  308" k . b 313K
in s o m e  l i q u id  s y s t e m s .  T h e  a d ia b a t i c  c o m p r e s s ib i l i t y  
a n d  f r e e  le n g t h  s h o w s  a n  e x a c t l y  r e v e r s e  tr e n d  a t 3 0 3  a n d  
3 0 8  K. B u t  a t  3 1 3  K ,  t h e s e  p a r a m e t e r s  s im p ly  d e c r e a s e s  w ith  
in c r e a s in g  c o n c e n t r a t io n  o f  is o -b u ta n o l . T h is  m a y  b e  a ttr ib u te d  
to th e  f a c t  th a t b y  r e d u c t io n  o f  c y c lo h e x a n e ,  ru p tu re  o f  
h y d r o g e n  b o n d s  d e c r e a s e  a n d  h e n c e  th e  f r e e  s p a c e  b e tw e e n  
the c o m p o n e n t  m o l e c u le s  a n d  a l s o  th e  f i e ld  a r o u n d  th e  
c h a r g e s  i n c r e a s e ,  th a t  m a k e s  th e  m e d iu m  u n d e r  h e a v y  s t r e s s . 
A s  th e  e f f e c t  o f  t e m p e r a t u r e  is  to  r a r e f y i n g  th e  m e d iu m , th e  
s o u n d  v e l o c i t y  w ith  t e m p e r a tu r e  d e c r e a s e s  w h e r e a s  th e  
c o m p r e s s ib i l i t y  in c r e a s e s  a n d  s o  f o r  th e  f r e e  le n g th .
A s  c y c lo h e x a n e  is  h a v i n g  z e r o  d ip o le  m o m e n t  a n d  a s  
to lu e n e  i s  a n  e le c t r o n  d o n o r  w h e r e a s  th e  2 -o l  a s  e le c t r o n  
a c c e p to r , s o m e  c o m p le x  fo r m a t io n  i s  e x p e c t e d  to  t a k e  p la c e  
a m o n g  th e  c o m p o n e n t s .  C y c lo h e x a n e  e x i s t s  in  r ig id  c h a ir  
fo rm  ( m in im u m  p o t e n t ia l  e n e r g y ) ,  in  f l e x i b l e  b o a t  fo r m  
(m a x im u m  p o t e n t ia l  e n e r g y )  a n d  a l s o  in  s k e w - b o a t  fo r m  [ 1 1 ] . 
F u rth e r , th e  p o t e n t ia l  e n e r g y  b a r r ie r  is  n o t  h ig h  e n o u g h  to  
p re v e n t  th e ir  r a p id  in t e r c o n v e r s io n  a t  r o o m  te m p e r a tu r e  o r  to  
m a k e  p o s s ib le  t h e i r  i s o la t io n  [ 1 2 ] .  D u e  to  th e  p r e s e n c e  o f  
b o w s p i r i t - f l a g p o le  in t e r a c t io n  in  th e  b o a t  c y c lo h e x a n e  [ 1 3 ] ,
b r e a k in g  u p  o f  h y d r o g e n  b o n d s  a r e  h ig h ly  f a v o u r e d  w h e r e a s  
in  c h a ir  fo r m  it is  n o t s o .  H e n c e , d e p e n d in g  o n  th e  w a y  in 
w h ic h  th e  c h a r g e  is  d is t r ib u te d , th e  c o m p le x  fo r m a t io n  m a y  
in te ra c t  w ith  th e  in e r t  c y c lo h e x a n e  m o le c u le s .  T h e  a d d it io n  
o f  2 - o l ,  w h ic h  is  h ig h ly  p o la r  m a y  r e d u c e  th e  c o m p le x  
fo r m a t io n  t e n d e n c y  a n d  s o ,  in it ia l ly , u l t r a s o n ic  v e l o c i t y  
d e c r e a s e s .  H o w e v e r ,  a s  th e  m o le  f r a c t io n  o f  c y c lo h e x a n e  
d e c r e a s e ,  th e  ru p tu re  o f  h y d r o g e n  b o n d s  a r e  r e s t r ic t e d  a n d  
h e n c e  th e  f r e e  s p a c e  b e tw e e n  th e  c o m p o n e n t  m o le c u le  
d e c r e a s e s .  T h e s e  t w o  o p p o s in g  e f f e c t s  c o m p e n s a t e  e a c h  
o th e r  to  d i f fe r e n t  d e g r e e s  th r o u g h o u t  th e e n t ir e  m o le  f r a c t io n  
ra n g e . T h e s e  e f f e c t s  a r e  r e f le c t e d  in  th e  o b s e r v e d  f r e e  le n g th  
v a r ia t io n . T h e  r i s e  in  te m p e r a tu r e  m a k e s  th e  f r e e  le n g th  to  
in c r e a s e ,  a s  e x p e c t e d  d u e  to  th e  th e rm a l e x p a n s io n  o f  th e  
l iq u id  m e d iu m  [ 1 4 ] .
F u r th e r , a s  th e  c o n c e n t r a t io n  o f  2 - o l  in c r e a s e s ,  it is  n o te d  
th a t th e  f r e e  v o lu m e  d e c r e a s e s  w h e r e a s  th e  in te rn a l p r e s s u r e  
in c r e a s e s  d u e  to  th e  v a r io u s  d e g r e e  o f  d i s p e r s i v e  in t e r a c t io n  
a n d  th e  c o u lo m b ic  in te ra c t io n  e x i s t in g  b e tw e e n  th e  c o m p o n e n t  
m o le c u le s .  S in c e  tr, is  a  m e a s u r e  o f  in t e r c o m p o n e n t  f o r c e s  
o f  a t t r a c t io n s , its  v a lu e  is  fo u n d  to  d e c r e a s e  w ith  te m p e r a tu r e  
at a lm o s t  a l l  c o n c e n t r a t io n s  o f  2 - o l  s tu d ie d .
T h e  e x c e s s  p a r a m e t e r s  p la y  a  m a jo r  r o le  in u n d e r s t a n d in g  
th e  n a tu re  o f  m o le c u la r  in t e r a c t io n  in  l iq u id  m ix t u r e s .  F r o m  
th e  F ig u r e s  1 a n d  2 , it is  c l e a r  th a t  a t 3 0 3  a n d  3 0 8  K  a s  th e  
c o n c e n t r a t io n  o f  2 -o l in c r e a s e s ,  a n d  U'j in c r e a s e s  in it ia l ly ,
r e a c h e s  a  m a x im u m  a n d  th e n  d e c r e a s e s .  T h e s e  t r e n d s  s u g g e s t  
th e  p r e s e n c e  o f  s p e c i f ic  in t e r a c t io n  b e t w e e n  th e  d i f fe r e n t  
c o m p o n e n t s  o f  th e  m ix t u r e .  T h e  d e c r e a s in g  n a tu re  o f  th e s e  
p a r a m e t e r s  a t 3 1 3  K  m a y  b e  d u e  to  th e  a f o r e s a id  s t r e s s e d  
m e d ia  c o n d it io n s .  F ig u r e  3  s h o w s  th at th e  v a l u e s  o f  e x c e s s  
f r e e  v o lu m e  a r e  p o s it iv e  a n d  d e c r e a s e s  w ith  in c r e a s in g  
c o n c e n tra t io n  o f  2 -o l  w h e r e a s  th e  v a r ia t io n  in  in te rn a l p r e s s u r e  
( F ig u r e  4 )  s h o w s  a n  e x a c t ly  r e v e r s e  tre n d . T h i s  is  a t t r ib u t e d  
to  th e  w e a k e n in g  o f  d ip o la r  in t e r a c t io n s  [ 1 5 ]  b e t w e e n  th e  
m o le c u le s  o f  m ix t u r e s  a n d  s h o w s  th e  a b s e n c e  o f  c o m p le x  
fo r m a t io n . S i m i la r  o b s e r v a t io n s ,  a r r iv e d  b y  G a m a  a n d  T o jo  
[ 1 6 ]  in  th e  s a m e  s y s te m  b y  v a p o u r - l iq u id  e q u i l ib r ia  s tu d ie s , 
s u p p o r t s  th is  v ie w .
4 . C o n c lu s io n
T h e  d e r iv e d  a c o u s t i c a l  p a r a m e t e r s  a n d  th e ir  p o s i t iv e  e x c e s s  
v a lu e s  h in t to  th e  p r e s e n c e  o f  w e a k  d ip o la r  a n d  d i s p e r s iv e  
in te ra c t io n s  b e tw e e n  th e  c o m p o n e n t  m o le c u le s  in th e  m ix t u r e s  
s tu d ie d  a n d  th e  in h e r e n t  n a tu re  o f  a l c o h o l s  p r e d o m in a t e  th e  
e x i s t in g  d i s p e r s iv e  in t e r a c t io n s .References
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